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This paper uses a large matched employer-employee data set for Sweden to study 
the relationship between firm age and individual wages, systematically addressing a 
variety of possible explanations for observing a firm-age wage effect. Results show 
considerable heterogeneity across years, along segments of the firm age distribution 
and across industries. A positive and significant firm age-wage premium, robust to a 
number of control variables, is found in 1995. This effect is not found for 1987 and 
1991, two periods characterised by different business cycle conditions than 1995. The 
relationship between firm age and wages is not monotonic; rather it varies along 
segments of the firm age distribution. It also differs systematically across different 
sectors of the economy. A positive firm age effect is found only in the manufacturing 
sector. Finally, taking into account that larger firms are also older firms, results show 
that inclusion of firm age does not alter the positive effect of firm size on wages. 
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Lv lw srvvleoh wkdw wkh vl}h0zdjh suhplxp lv uhdoo| d uhodwlrqvkls ehwzhhq hpsor|hu
djh dqg zdjhvB +Eurzq dqg Phgr +4<;<,/ ss1 43890438:,1
D qxpehu ri vwxglhv kdyh irxqg zdjhv wr eh glvwulexwhg lq d
pdqqhu wkdw fdqqrw eh h{sodlqhg e| glhuhqfhv lq surgxfwlylw|
ru e| revhuydeoh dqg xqrevhuydeoh kxpdq fdslwdo fkdudfwhulvwlfv1
Lqvwhdg/ zdjhv vhhp wr eh v|vwhpdwlfdoo| uhodwhg wr d ydulhw| ri
up dqg lqgxvwu| fkdudfwhulvwlfv1 Rqh pxfk vwxglhg h{dpsoh lv
wkh vl}h0zdjh suhplxp14 Vwxglhv rq d qxpehu ri glhuhqw frxq0
wulhv dqg wlph0shulrgv kdyh uhsruwhg wkdw hpsor|hhv lq odujh upv
v|vwhpdwlfdoo| hduq pruh wkdq wkrvh lq vpdoo upv +iru dq h{sr0
vlwlrq ri wkh up vl}h0zdjh olwhudwxuh/ vhh Rl dqg Lgvrq +4<<<,,1
Iru lqvwdqfh/ Eurzq hw do1 +4<<3, uhsruw wkdw iru wkh XV/ krxuo|
zdjhv lq upv zlwk pruh wkdq 833 hpsor|hhv zhuh 68 shufhqw
deryh zdjhv lq upv zlwk ohvv wkdq 58 hpsor|hhv1 Ghvslwh vhyhudo
dwwhpswv wr h{sodlq wkh vl}h0zdjh suhplxp/ wkh sursrvhg h{sod0
qdwlrqv rqo| h{sodlq d plqru sduw ri wkh suhplxp1
Uhodwhg wr up vl}h lv up djh1 Reylrxvo|/ odujhu upv duh dovr
roghu upv1 D qdwxudo txhvwlrq wkhq lv krz zdjhv duh uhodwhg wr
up orqjhylw|1 Roghu upv kdyh/ rq dyhudjh/ fkdudfwhulvwlfv wkdw
glhu v|vwhpdwlfdoo| iurp |rxqjhu upv1 Revhuydeoh glhuhqfhv
ehwzhhq upv zlwk glhuhqw djhv pd| wkhq ohdg wr d v|vwhpdwlf
uhodwlrqvkls ehwzhhq hpsor|hu djh dqg zdjhv1
Wkhuh duh vhyhudo uhdvrqv iru h{shfwlqj d srvlwlyh dvvrfldwlrq
ehwzhhq up djh dqg zdjhv1 Qhz upv kdyh e| ghqlwlrq hp0
sor|hhv zlwk orz ohyhov ri up whqxuh1 Lq frqwudvw/ hpsor|hhv lq
roghu upv kdyh/ rq dyhudjh/ orqjhu whqxuh dqg srvvleo| orqjhu
h{shulhqfh1 Wklv lpsolhv wkdw d srvlwlyh up djh0zdjh fruuhodwlrq
lv gxh wr d vruwlqj phfkdqlvp dqg qrw d sxuh up0djh hhfw1
Dqrwkhu fkdqqho ehwzhhq up djh dqg zdjhv jrhv wkurxjk suri0
￿
Rwkhu qrq0frpshwlwlyh fkdudfwhulvwlfv wkdw kdyh ehhq irxqg uhodwhg wr zdjhv duh lqgxvwu|
+vhh h1j1 Glfnhqv dqg Ndw} +4<;:, dqg Nuhxjhu dqg Vxpphuv +4<;;,, dqg xqlrql}dwlrq +vhh
h1j1 Iuhhpdq dqg Phgr +4<;7,,1
4lwdelolw|1 Sdvvlyh ohduqlqj prghov vxjjhvw wkdw lw wdnhv wlph iru
qhz upv wr ehfrph surwdeoh +vhh Mrydqrylf +4<;5,,1 Wklv lp0
solhv d srvlwlyh uhodwlrqvkls ehwzhhq up djh dqg surwv1 Li/ dv
vhyhudo vwxglhv kdyh irxqg/ zdjhv duh uhodwhg wr surwv wkurxjk d
uhqw0vkdulqj phfkdqlvp/ wkhq d srvlwlyh up djh suhplxp pd|
lq idfw eh gxh wr v|vwhpdwlf glhuhqfhv lq surwdelolw| +vhh h1j1
Kloguhwk dqg Rvzdog +4<<:, iru hylghqfh rq uhqw0vkdulqj,1 Ixu0
wkhu fdqglgdwhv iru d fdxvdo hhfw ri hpsor|hu djh rq zdjhv lq0
foxgh fdslwdo0vnloo frpsohphqwdulwlhv/ v|vwhpdwlf vruwlqj ri vnloohg
zrunhuv lqwr roghu upv/ dqg glhuhqfhv lq up vxuylydo udwhv/
hpsor|hu vwdelolw| dqg zrunlqj frqglwlrqv ehwzhhq |rxqj dqg rog
upv1
Hylghqfh rq wkh hhfw ri up djh rq zdjhv lv pdlqo| edvhg
rq gdwd iru wkh XV pdqxidfwxulqj vhfwru1 Hduo| vwxglhv jhqhu0
doo| irxqg zdjhv wr eh srvlwlyho| fruuhodwhg wr hpsor|hu djh +vhh
Eurzq dqg Phgr +5336, iru d vxppdu| ri wkhvh vwxglhv,1 Iru
lqvwdqfh Wurvnh +4<<;,/ hvwlpdwlqj sodqw0ohyho uhjuhvvlrqv ri orj
dyhudjh zdjhv rq sodqw djh/ qgv wkdw zdjhv duh dssur{lpdwho|
53 shufhqw kljkhu lq sodqwv wkdw duh roghu wkdq 48 |hduv wkdq iru
sodqwv wkdw duh ohvv wkdq yh |hdu rog1 Wkhvh vwxglhv gr qrw/
krzhyhu/ frqwuro iru up glhuhqfhv lq hpsor|hh fkdudfwhulvwlfv1
Vruwlqj ri zrunhuv zlwk glhuhqw kxpdq fdslwdo kdyh h{sodlqhg
vrph ri wkh sd| glhuhqwldov dvvrfldwhg zlwk rwkhu up fkdudfwhu0
lvwlfv/ iru lqvwdqfh up vl}h1 Wurvnh +4<<<, qgv wkdw frqwuroolqj
iru zrunhu fkdudfwhulvwlfv dqg hvwlpdwlqj lqglylgxdo zdjh uhjuhv0
vlrqv/ wkh sodqw djh hhfw glvdsshduv1
Wkh prvw frpsuhkhqvlyh vwxg| wr gdwh rq wkh uhodwlrqvkls eh0
wzhhq up djh dqg zdjhv lv Eurzq dqg Phgr +5336,1 Xvlqj
vxuyh| gdwd iru wkh XV rq flufd 4/333 lqglylgxdov +whohskrqh lq0
whuylhzv,/ wkh| qg wkdw revhuydeoh zrunhu fkdudfwhulvwlfv ixoo|
h{sodlq wkh up djh0zdjh suhplxp1 Frqwuroolqj iru d vhw ri hp0
sor|hh fkdudfwhulvwlfv/ Eurzq dqg Phgr uhsruw wkdw wkh uhodwlrq0
vkls ehwzhhq djh dqg zdjhv lv qhjdwlyh ryhu pxfk ri wkh up djh
glvwulexwlrq1 Wkhlu whqwdwlyh frqfoxvlrq/ jlyhq wkh olplwhg vdpsoh/
5lv wkdw wkh uhodwlrqvkls ehwzhhq up djh dqg zdjhv lv X0vkdshg1
Zdjhv idoo dv djh lqfuhdvhv/ exw wkh rssrvlwh uhodwlrqvkls lv irxqg
iru roghu upv1
Wkh sxusrvh ri wklv sdshu lv wr vwxg| wkh hhfw ri up djh
rq zdjhv/ xvlqj d odujh hpsor|hu0hpsor|hh gdwdvhw iru wkh hqwluh
sulydwh vhfwru lq Vzhghq1 Wkh gdwd frqvlvw ri yhu| ghwdlohg lq0
irupdwlrq rq dssur{lpdwho| 4:3/333 hpsor|hhv1 Wkhvh gdwd duh
wkhq pdwfkhg zlwk edodqfh vkhhw gdwd iru wkh hpsor|lqj upv
wkurxjk wkh Vzhglvk v|vwhp ri frusrudwh uhjlvwudwlrq qxpehuv1
Wkh lqirupdwlrq rq up djh ruljlqdwhv iurp uhjlvwhu0edvhg gluhfw
lqirupdwlrq rq wkh h{dfw gdwh ri up irupdwlrq dqg udqjhv iurp
rqh wr 434 |hduv lq exvlqhvv1 Xvlqj ghwdlohg lqirupdwlrq rq lq0
glylgxdo dqg up fkdudfwhulvwlfv/ wklv sdshu zloo v|vwhpdwlfdoo|
dgguhvv d ydulhw| ri srvvleoh h{sodqdwlrqv iru d up djh0zdjh hi0
ihfw1 Jlyhq wkh kljk fruuhodwlrq ehwzhhq up djh dqg up vl}h/
wklv sdshu zloo dovr dgguhvv wkh txhvwlrq dvnhg e| Eurzq dqg
Phgr +4<;<,> lv lw up djh ru up vl}h wkdw pdwwhuvB Pruh
vshflfdoo|/ krz lv wkh hvwlpdwhg frh!flhqw iru up vl}h dhfwhg
e| wkh lqfoxvlrq ri up djh lq lqglylgxdo zdjh uhjuhvvlrqvB Lq
dgglwlrq wr frqwurov iru zrunhu fkdudfwhulvwlfv/ wkh pdwfkhg gdwd
pdnh lw srvvleoh wr frqwuro iru edodqfh0vkhhw lqirupdwlrq rq up
surwdelolw| dqg fdslwdo lqwhqvlw|1 Xvh ri remhfwlyh phdvxuhv iru
up surw dqg fdslwdo lqwhqvlw| kdyh qrw suhylrxvo| ehhq xvhg lq
vwxglhv rq wkh up djh0zdjh uhodwlrqvkls15
Jlyhq wkdw wkh gdwd fryhu wkh hqwluh sulydwh vhfwru/ d fduhixo
vwxg| rq glhuhqfhv ehwzhhq wkh vhuylfh dqg wkh pdqxidfwxulqj
vhfwruv uhjduglqj wkh up djh0zdjh uhodwlrqvkls zloo eh suhvhqwhg1
Ixuwkhupruh/ wkh dqdo|vlv lv fduulhg rxw iru wkuhh wlph shulrgv wkdw
duh fkdudfwhul}hg e| yhu| glhuhqw exvlqhvv f|foh frqglwlrqv1 Vlqfh
suhylrxv vwxglhv duh edvhg rq d vlqjoh |hdu/ wklv sdshu dgguhvv
wkh txhvwlrq ri zkhwkhu wkh hhfw ri up djh rq zdjhv glhuv
dfurvv |hduv1 Lq vxp/ e| xvlqj glvdjjuhjdwhg gdwd/ wklv vwxg|
￿
Rl dqg Lgvrq +4<<9, dqg Eurzq dqg Phgr +5336, vwuhvvhv wkh lpsruwdqfh ri frqwuroolqj
iru surwv zkhq hvwlpdwlqj wkh lpsdfw ri up djh rq zdjhv1
6fdq dqdo|}h wkh hhfw ri hpsor|hu djh rq zdjhv iru lqglylgxdov
zlwk frpsdudeoh surgxfwlylw| fkdudfwhulvwlfv dqg iru upv zlwk
frpsdudeoh revhuydeoh fkdudfwhulvwlfv1
Wkh uhvxowv vkrz frqvlghudeoh khwhurjhqhlw| dfurvv |hduv/ dorqj
vhjphqwv ri wkh up djh glvwulexwlrq dqg dfurvv lqgxvwulhv1 Iru
4<<8/ d srvlwlyh uhodwlrqvkls ehwzhhq up djh dqg lqglylgxdo
zdjhv lv irxqg1 Wklv uhodwlrqvkls lv urexvw wr wkh lqfoxvlrq ri
d ydulhw| ri yduldeohv wkdw pljkw h{sodlq wkh up djh0zdjh suh0
plxp1
Lq 4<<4 d srvlwlyh uhodwlrqvkls/ urexvw wr wkh lqfoxvlrq ri lqgl0
ylgxdo kxpdq fdslwdo fkdudfwhulvwlfv wxuqv lqvljqlfdqw zkhq up
fkdudfwhulvwlfv vxfk dv surwv dqg up vl}h duh dgghg1 Khqfh/ iru
wklv |hdu/ glhuhqfhv lq up fkdudfwhulvwlfv fdq ixoo| h{sodlq wkh
up djh0zdjh suhplxp1
Wkh uhvxowv iru 4<;: duh pl{hg1 Vhsdudwh lqfoxvlrqv ri d ydulhw|
ri lqglylgxdo dqg up fkdudfwhulvwlfv ohdg wr dq lqvljqlfdqw hhfw
ri up orqjhylw| rq zdjhv1 Krzhyhu/ lqfoxvlrq ri doo wkh uhohydqw
frqwuro yduldeohv lq wkh vdph zdjh htxdwlrq jlyhv ulvh wr d qhjdwlyh
dqg vljqlfdqw up djh hhfw1
Ixuwkhu uhvxowv lqfoxgh +l, d vwurqj khwhurjhqhlw| frqfhuqlqj
wkh hhfw ri up djh rq zdjhv dw glhuhqw sduwv ri wkh up djh
glvwulexwlrq1 Ehklqg wkh uhvxowv vxppdul}hg deryh duh pdunhg
glhuhqfhv lq wkh up djh hodvwlflw| dw glhuhqw vhjphqwv dorqj wkh
djh glvwulexwlrq1 Wkhvh glhuhqfhv dovr vhhp wr glhu dfurvv |hduv/
dqg +ll, fohdu glhuhqfhv ehwzhhq wkh pdqxidfwxulqj dqg vhuylfh
vhfwruv1 D srvlwlyh up djh0zdjh suhplxp lv rqo| suhvhqw lq
pdqxidfwxulqj/ zkhuhdv wkh qhjdwlyh uhodwlrqvkls irxqg iru 4<;:
lv rqo| suhvhqw lq wkh vhuylfh vhfwru1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Wkhruhwlfdo
olqnv ehwzhhq hpsor|hu djh dqg lqglylgxdo zdjhv duh suhvhqwhg lq
Vhfwlrq 51 Vhfwlrq 6 ghvfulehv wkh gdwd dqg wkh hpslulfdo vhw0
xs1 Wkh uhvxowv duh suhvhqwhg lq Vhfwlrq 71 Ilqdoo|/ wkh sdshu lv
frqfoxghg lq Vhfwlrq 81
75 H{sodqdwlrqv iru d Ilup Djh0Zdjh Uhodwlrq0
vkls
Wkhuh h{lvw vhyhudo h{sodqdwlrqv iru zk| up djh lv uhodwhg wr lq0
glylgxdo zdjhv1 Wkhvh fdq eh glylghg lqwr wkrvh vwuhvvlqj wkh lp0
sruwdqfh ri glhuhqw up fkdudfwhulvwlfv dqg wkrvh wkdw duh edvhg
rq glhuhqfhv lq lqglylgxdo kxpdq fdslwdo dffxpxodwlrq1 Pdq|
ri wkh h{sodqdwlrqv iru d v|vwhpdwlf uhodwlrqvkls ehwzhhq up djh
dqg zdjhv duh lghqwlfdo wr wkh h{sodqdwlrqv iru d srvlwlyh up vl}h0
zdjh fruuhodwlrq1 Lq idfw/ wkh vwurqj fruuhodwlrq ehwzhhq krz orqj
d up kdv ehhq lq exvlqhvv dqg up vl}h pdnhv lw gl!fxow wr glv0
wlqjxlvk ehwzhhq d up vl}h dqg d up djh hhfw1 E| ghqlwlrq/
yhu| odujh upv kdyh/ rq dyhudjh/ ehhq lq exvlqhvv iru txlwh d orqj
wlph1 Khqfh/ revhuylqj d srvlwlyh up vl}h dqg zdjh uhodwlrqvkls
pljkw lq idfw eh d srvlwlyh up djh0 zdjh uhodwlrqvkls1
D qdwxudo h{sodqdwlrq iru d v|vwhpdwlf fruuhodwlrq ehwzhhq up
djh dqg zdjhv lv wkdw lqglylgxdov lq |rxqj dqg odujh upv kdyh
glhuhqw revhuydeoh fkdudfwhulvwlfv1 Rqh vxfk glhuhqfh lv whqxuh
zlwklq wkh up1 E| ghqlwlrq/ |rxqj upv fdqqrw kdyh hpsor|hhv
zlwk orqj whqxuh1 Vlqfh whqxuh jhqhudoo| wxuqv rxw srvlwlyh dqg
vljqlfdqw lq lqglylgxdo zdjh htxdwlrqv/ wkh glhuhqfh lq dyhudjh
lqglylgxdo whqxuh ehwzhhq upv ri glhuhqw djh pd| surylgh rqh
h{sodqdwlrq iru revhuylqj kljkhu zdjhv lq roghu upv1 Lq dggl0
wlrq/ lqglylgxdov lq roghu upv duh dovr olnho| wr kdyh orqjhu oderu
pdunhw h{shulhqfh1 Wklv kxpdq0fdslwdo h{sodqdwlrq lpsolhv wkdw
wkh up djh0zdjh fruuhodwlrq lv wkh uhvxow ri qrw frqwuroolqj iru
wkh hpsor|hhv* whqxuh dqg h{shulhqfh1
Lw pd| dovr eh wkh fdvh wkdw roghu upv hpsor| pruh vnloohg
zrunhuv1 Li fdslwdo lqwhqvlw| lv kljkhu lq rog upv dqg wkhuh h{lvwv
fdslwdo0vnloo frpsohphqwdulwlhv/ wkhq wkhvh upv zloo hpsor| pruh
kljk0vnloohg zrunhuv +vhh Kdphuphvk +4<;3,,1 Ixuwkhupruh/ li rog
fdslwdo0lqwhqvlyh upv xvh whfkqrorjlhv wkdw uho| rq vwdqgdugl}d0
wlrq dqg whdpzrun/ wkhq rog upv zloo ghpdqg d pruh kljk0vnloohg
8krprjhqrxv zrun0irufh +vhh Rl +4<;6,,16 Wklv lq wxuq/ lpsolhv d
v|vwhpdwlf vruwlqj ri kljk0vnloohg zrunhuv lqwr roghu +dqg rq dyhu0
djh, odujhu upv17 Wkh fdslwdo lqwhqvlw|0vnloo h{sodqdwlrq phdqv
wkdw lw lv lpsruwdqw wr frqwuro iru wkh fdslwdo0oderu udwlr dqg wkh
vnloo0pl{ ri wkh upv1
Dqrwkhu uhdvrq iru revhuylqj kljkhu zdjhv lq pruh pdwxuh
upv kdv wr gr zlwk surwdelolw|1 Li lw wdnhv wlph iru upv wr pdnh
surwv/ wkhq rqh zloo revhuyh v|vwhpdwlf glhuhqfhv lq surwdelo0
lw| dqg/ khqfh/ lq delolw| wr sd| ehwzhhq |rxqj dqg rog upv1
Rqh prgho wkdw h{sodlq vxfk glhuhqfhv lq surwdelolw| dfurvv
upv ri glhuhqw djhv lv Mrydqrylf +4<;5,1 Mrydqrylf hpskdvl}hv
wkh vhohfwlrq hhfwv dvvrfldwhg zlwk sdvvlyh ohduqlqj derxw lqlwldo
frqglwlrqv1 Qhz hqwudqwv duh htxlsshg zlwk glhuhqw h!flhqf|
sdudphwhuv zklfk duh xqnqrzq wr wkh hqwuhsuhqhxu dw wkh gdwh ri
hqwu|1 Ryhu wlph wkh hqwuhsuhqhxu xsgdwhv lwv wuxh h!flhqf| dqg
wkh sodqwv uhodwlyh h!flhqf| judgxdoo| ehfrphv nqrzq1 Ilupv
wkdw dffxpxodwhv idyrudeoh lqirupdwlrq derxw wkhlu uhodwlyh hi0
flhqf| h{sdqg/ zkloh sodqwv zlwk srru shuirupdqfh hyhqwxdoo|
ghflgh wr ohdyh wkh pdunhw1 Qhz sodqwv jr wkurxjk d vkdnh0rxw
shulrg wkdw hyhqwxdoo| uhyhdov wkhlu orqj0whup surwdelolw|1 Xq0
surwdeoh upv h{lw dqg duh vhohfwhg rxw ri wkh srsxodwlrq ri
pdwxuh upv1 Surwdeoh upv vxuylyh wr pdwxulw| dqg hyhqwxdoo|
vhwwoh grzq wr uhodwlyho| vwdeoh hpsor|phqw ohyhov1 Khqfh/ wkh
Mrydqrylf prgho kdv hpslulfdo lpsolfdwlrqv iru wkh uhodwlrqvkls
ehwzhhq up djh/ surwdelolw| dqg zdjhv1
D qxpehu ri vwxglhv kdyh irxqg wkdw zdjhv duh srvlwlyho| fruuh0
odwhg zlwk surwv wkurxjk d uhqw0vkdulqj surfhvv +vhh h1j1 Kloguhwk
dqg Rvzdog +4<<:,,1 Li roghu upv duh pruh surwdeoh dqg hp0
sor|hhv h{wudfw sduw ri wkh uhqwv fuhdwhg/ wkhq d srvlwlyh hhfw ri
￿
Hylghqfh ri vruwlqj ri zrunhuv e| delolw| dfurvv upv zlwk glhuhqw whfkqrorjlfdo lqwhqvlw|
lv irxqg lq d uhfhqw sdshu e| Oxtxh dqg Pludqgd +5333, xvlqj pdwfkhg hpsor|hu0hpsor|hh
gdwd iru wkh XV pdqxidfwxulqj vhfwru1 Wkh| qg wkdw wkh prvw whfkqrorjlfdo lqwhqvlyh sodqwv
kluh wkh prvw vnloohg zrunhuv1
￿
Roghu upv pd| dovr kdyh pruh vnloohg pdqdjhuv wkdw hpsor| pruh vnloohg zrunhuv zlwk
kljkhu zdjhv +Rl +4<;6,,1
9up djh rq zdjhv fdq eh gxh wr glhuhqfhv lq surwdelolw|1
D srvlwlyh uhodwlrqvkls ehwzhhq up djh dqg surwv rq wkh
rqh kdqg dqg zdjhv rq wkh rwkhu fdq dovr ghsduw iurp wkh qr0
wlrq ri idlu zdjhv1 Dffruglqj wr wkh Dnhuori dqg \hoohq +4<<3,
prgho/ hpsor|hhv zlwkgudz hruw/ khqfh ehfrplqj ohvv surgxf0
wlyh/ li wkhlu zdjh lv orzhu wkdq wkh idlu zdjh1 Wklv phdqv wkdw
roghu/ pruh surwdeoh upv kdyh lqfhqwlyhv wr vkduh surwv zlwk
wkhlu hpsor|hhv1 Dv vwuhvvhg e| Eurzq dqg Phgr +5336,/ wkh
fodlp ri lqdelolw| wr sd| kljkhu zdjhv lv pruh fuhgleoh iru |rxqj
upv zlwk xqnqrzq h{shfwdwlrqv ri orqj0uxq surwdelolw|/ wkdq
iru pruh pdwxuh upv1 Lq vxp/ wkh glvfxvvlrq rq up djh dqg
surwdelolw| lpsolhv wkdw lw lv fuxfldo wr frqwuro iru up surwv18
Glhuhqfhv lq idloxuh udwhv dqg wkxv hpsor|phqw vwdelolw| eh0
wzhhq |rxqj dqg rog upv fdq dovr dhfw wkh up djh0zdjh uhod0
wlrqvkls1 Vhyhudo vwxglhv kdyh irxqg d qhjdwlyh uhodwlrqvkls eh0
wzhhq sodqw djh dqg sodqw idloxuh +vhh h1j1 Gxqqh hw do1 +4<;;/
4<;<, dqg Gdylv dqg Kdowlzdqjhu +4<<4,,1 Wkh idfw wkdw wkh ulvn
ri od|r gxh wr sodqw forvlqj lv vljqlfdqwo| kljkhu lq qhz upv
pd| lq xhqfh zdjhv lq vhyhudo zd|v1 Rq wkh rqh kdqg/ d kljkhu
ulvn iru |rxqj upv wr idlo fdq eh vhhq dv d qhjdwlyh mre fkdudfwhu0
lvwlf/ zhoo nqrzq wr erwk hpsor|huv dqg hpsor|hhv1 D frpshqvdw0
lqj zdjh glhuhqwldo dujxphqw zrxog wkhq fdoo iru |rxqjhu upv
wr frpshqvdwh hpsor|hhv iru wkh kljkhu ulvn ri od|r e| rhulqj
d zdjh suhplxp/ lpso|lqj d qhjdwlyh uhodwlrqvkls ehwzhhq up
djh dqg zdjhv1 D vlplodu dujxphqw fdq eh edvhg rq wkh ghvluh ri
ulvn0dyhuvh hpsor|hhv wr lqvxuh djdlqvw wkh ulvn ri ehfrplqj xq0
hpsor|hg +vhh Pdofrpvrq +4<<9, iru d vxpphu| ri wkh olwhudwxuh
rq lqglylgxdo hpsor|phqw frqwudfwv,1
Rq wkh rwkhu kdqg/ rog upv zlwk vhfxuh hpsor|phqw survshfwv
pd| eh pruh zloolqj wr lqyhvw lq up0vshflf rq0wkh0mre wudlqlqj
dqg rhu pruh rssruwxqlwlhv iru dgydqfhphqwv zlwklq wkh up1
￿
Wkh qhfhvvlw| ri lqfoxglqj lqirupdwlrq rq surwv lv vwuhvvhg lq Rl dqg Lgvrqv +4<<<,
frqwulexwlrq wr wkh odwhvw Kdqgerrn ri Oderu Hfrqrplfv lq zklfk wkh|/ lq dq dsshqgl{/
glvfxvv wkh uhodwlrqvkls ehwzhhq zdjhv dqg up djh1
:Wklv/ lq wxuq/ fdq lq xhqfh wkh pl{ ri zrunhuv wkdw wkh up
hpsor|v/ ohdglqj wr kljkhu ghpdqg iru kljk0vnloohg/ kljk0delolw|
zrunhuv dqg/ wkxv ohdglqj wr kljkhu dyhudjh zdjhv lq roghu upv
lq frpsdulvrq wr |rxqjhu upv +vhh Eurzq dqg Phgr +5336, iru
h{solflw wkhrulhv,1 Dovr/ wkh pruh lqvhfxuh dqg xqvwdeoh mrev dw
|rxqj upv pd| dwwudfw d fhuwdlq jurxs ri zrunhuv wkdw wkhp0
vhoyhv duh xqvwdeoh dqg pruh surqh wr txlw mrev1 Wklv lpsolhv
wkdw upv gr qrw qhhg wr sd| d zdjh suhplxp iru wkhvh zrunhuv
wr frpshqvdwh iru d kljkhu od|r ulvn1 Ixuwkhupruh/ lqglylgxdov
zloolqj wr dffhsw xqvwdeoh mrev pd| wkhpvhoyhv eh ohvv vnloohg1
Wdnhq wrjhwkhu/ wklv phdqv wkdw zdjhv/ lq htxloleulxp/ duh orzhu
lq qhz upv wkdq lq rog rqhv +vhh Hydqv dqg Ohljkwrq +4<;<,,1
Ilqdoo|/ zrunlqj frqglwlrqv pd| v|vwhpdwlfdoo| glhu ehwzhhq
upv zlwk glhuhqw djh1 Iru lqvwdqfh/ roghu upv pd| eh v|v0
whpdwlfdoo| irxqg lq fhuwdlq lqgxvwulhv wkdw rhu fhuwdlq zrunlqj
frqglwlrqv1 Wkh vljq ri wkh fruuhodwlrq ehwzhhq zrunlqj frqglwlrq
dqg up djh lv/ krzhyhu/ qrw fohdu1 Frqwuroolqj iru ghwdlohg lq0
gxvwu| dqg rffxsdwlrqdo frghv lv rqh zd| wr surylgh lqirupdwlrq
rq wkh ydolglw| ri wkh zrunlqj frqglwlrq dujxphqw1
6 Gdwd dqg Hpslulfdo Vshflfdwlrq
Wkh gdwd rq lqglylgxdov ruljlqdwh iurp wkh Vzhglvk Ohyho ri Olylqj
Vxuyh|v +OQX, lq 4<<4/ d uhsuhvhqwdwlyh vxuyh| ri qrq0djulfxowxudo
zrunhuv djhg 4;0971 Hdfk lqglylgxdo kdv d xqltxh rujdql}dwlrq0
qxpehu/ pdsslqj hdfk zrunhu wr klv ru khu hpsor|hu1 Wkhvh upv
wkhq irup wkh edvlv ri wkh Vzhglvk Hvwdeolvkphqw Vxuyh| +DSX,1
E| pdwfklqj wkh rujdql}dwlrq qxpehu iru wkh upv lq DSX zlwk
hpsor|phqw gdwd iurp Vwdwlvwlfv Vzhghq/ lqirupdwlrq rq doo lq0
glylgxdov zrunlqj lq wkhvh upv vrphwlph gxulqj 4<;:/ 4<<4 ru
4<<8 lv dydlodeoh19 Lqglylgxdov zrunlqj lq qrq0djulfxowxudo sulydwh
DSX0hvwdeolvkphqwv lq 4<;:/ 4<<4 dqg 4<<8 frqvwlwxwh wkh zrunhu
￿
Iru ghwdlohg ghvfulswlrq ri wkh Vzhglvk Hvwdeolvkphqw Vxuyh| +DSX,/ vhh oh Judqg hw do1
+4<<9,1
;gdwd vhw1 Hdfk |hdu frqwdlqv dssur{lpdwho| 4:3/333 hpsor|hhv lq
wkh sulydwh vhfwru1
Iru wkhvh lqglylgxdov/ ulfk lqirupdwlrq lv rewdlqhg e| pdwfklqj
gdwd iurp vhyhudo Vzhglvk gdwd vrxufhv1 Gdwd rq zdjhv dqg mre
fkdudfwhulvwlfv duh surylghg e| Vwdwlvwlfv Vzhghq +VFE, dqg iurp
gdwd froohfwhg e| wkh Vzhglvk Wudgh Xqlrq Frqihghudwlrq +OR,
dqg wkh Vzhglvk Hpsor|huv* Frqihghudwlrq +VDI,1 Lqirupdwlrq
rq hpsor|phqw/ lqfoxglqj wrwdo oderu pdunhw h{shulhqfh dqg vh0
qlrulw|/ ruljlqdwhv iurp wkh Vzhglvk Hpsor|phqw Uhjlvwhu1 Gdwd
rq lqglylgxdo fkdudfwhulvwlfv vxfk dv djh dqg jhqghu duh iurp wkh
Srsxodwlrq Fhqvxv iurp VFE +Uhjlvwuhw ùyhu wrwdoehironqlqjhq,1
Ghwdlohg lqirupdwlrq rq hgxfdwlrq/ lqfoxglqj judghv iurp kljk
vfkrro/ duh iurp wkh Vzhglvk Hgxfdwlrq Uhjlvwhu +Xwelogqlqjvuhj0
lvwuhw,1 Vhh wkh Dsshqgl{ iru d ghwdlohg ghvfulswlrq ri wkh gdwd1
Wkh xqltxh rujdql}dwlrq qxpehu iru hdfk hpsor|lqj up lv
xwlol}hg wr pdwfk wkh lqglylgxdov zlwk edodqfh vkhhw gdwd iru wkh
upv zkhuh wkh| zrun1 Edodqfh0vkhhw lqirupdwlrq lv dydlodeoh
iru wkh shulrg 4<;:04<<91 Ehiruh pdwfklqj lqglylgxdov dqg upv/
wkrvh upv lq wkh edodqfh0vkhhw gdwd wkdw duh revhuyhg iru ohvv
wkdq wzr |hduv ru zlwk ohvv wkdq 5 hpsor|hhv duh uhpryhg1 Wkh
edodqfh0vkhhw gdwd iru 4<<4 dqg 4<<8 duh wudqviruphg lqwr irxu0
|hdu dyhudjhv1: Vlqfh edodqfh0vkhhw lqirupdwlrq lv qrw dydlodeoh
ehiruh 4<;:/ wkh 4<;:0hvwlpdwlrqv xvh surwv iru 4<;:1 Dqqxdo
surwv diwhu fdslwdo ghsuhfldwlrq shu hpsor|hh lv xvhg dv d phdvxuh
ri up shuirupdqfh1 Wklv gluhfw phdvxuh ri up shuirupdqfh kdv
qrw suhylrxvo| ehhq xvhg wr lqyhvwljdwh wkh uhodwlrqvkls ehwzhhq
up djh dqg zdjhv1
Dv d phdvxuh ri fdslwdo lqwhqvlw|/ ydoxh ri htxlsphqw shu hp0
sor|hh lv xvhg1 Ilqdoo|/ iurp wkh edodqfh vkhhw gdwd/ uhjlvwhu0edvhg
gluhfw lqirupdwlrq rq up djh/ udqjlqj iurp 4 wr 434 |hduv/ lv
dydlodeoh1 Uhjlvwhu0edvhg gdwd rq up djh kdv qrw ehhq dydlodeoh
￿
Wkh uhdvrq iru wklv lv wzrirog1 Iluvw/ phdvxuhphqw huuruv lq yduldeohv/ vxfk dv surwv
shu hpsor|hh/ duh uhgxfhg zkhq irxu0|hdu dyhudjhv duh xvhv1 Vhfrqg/ gxh wr kljk yduldelolw|
lq erwk up shuirupdqfh yduldeohv dqg up vl}h/ irxu0|hdu dyhudjhv |lhog d ehwwhu phdvxuh
ri orqj0uxq surwdelolw|/ uhprylqj wudqvlwru| yduldwlrq lq surwv1
<lq suhylrxv vwxglhv1
L xvh wkh iroorzlqj vshflfdwlrq wr vwxg| wkh uhodwlrqvkls eh0
wzhhq hpsor|hh djh dqg lqglylgxdo zdjhv=








zkhuh lw lv wkh ixoo0wlph htxlydohqw prqwko| zdjh iru zrunhu 
dw wlph |> C.M+l>w,>w ghqrwhv up djh lq up a wkdw hpsor|v
zrunhu  lq shulrg | E' bH.cbbcbbD> jlw lv d yhfwru ri lqgl0
ylgxdo fkdudfwhulvwlfv lqfoxglqj jhqghu/ hgxfdwlrq/ oderu pdunhw
h{shulhqfh/ oderu pdunhw h{shulhqfh vtxduhg dqg whqxuh> 6M+l>w,>w
lv d yhfwru ri up fkdudfwhulvwlfv vxfk dv up vl}h/ surwv shu
hpsor|hh/ fdslwdo lqwhqvlw| dqg lqgxvwu| d!oldwlrq dqg 5M+l>w,>w lv
d yhfwru ri up dyhudjhv ri wkh vnloo pl{ ri wkh zrun irufh/ df0
frxqwhg iru e| lqfoxglqj wkh vkduh ri wkh zrun irufh lq wkh up
wkdw +l, kdyh dwwhqghg dw ohdvw orqj xsshu vhfrqgdu| vfkrro +ll,
kdyh pruh wkdq 8 |hduv ri oderu pdunhw h{shulhqfh/ +lll, kdyh pruh
wkdq 6 |hduv ri whqxuh/ dqg +ly, duh zrphq/ uhvshfwlyho|1 Ilqdoo|/
0lw lv wkh udqgrp huuru whup1
D txhvwlrq wr lqyhvwljdwh lv li wkh up djh0zdjh uhodwlrqvkls
glhuv ehwzhhq glhuhqw sduwv ri wkh up djh glvwulexwlrq1 Wr gr
vr L hvwlpdwh d vsolqh ixqfwlrq prgho wr doorz iru d pruh  h{leoh
uhodwlrqvkls1 Wkh vsolqh prgho kdv nlqnv dw up djhv 54 dqg 98
lq 4<<8/ fruuhvsrqglqj wr wkh 4=vw dqg 6=ug txduwlohv ri wkh up
djh glvwulexwlrq1; Wkh iroorzlqj vsolqh ixqfwlrq zloo eh hvwlpdwhg
+vhh Juhhqh +4<<:,/ vhfwlrq ;1519,=











M+l>w,>wq6 n 0lw/ +5,
￿
Wkh fruuhvsrqglqj nlqnv lq 4<;: dqg 4<<4 duh dw ~5:/ 98 dqg ~63/ :4/ uhvshfwlyho|1
43zkhuh C.
nM+l>w,>w lv wkh djh ri wkh up dw wkh &wk txduwloh
+4=vw dqg 6=ug,/ dqg (n@4 iru C.M+l>w,>w : C.
nM+l>w,>w dqg }hur
rwkhuzlvh1
Wklv vshflfdwlrq uh hfwv wkh srvvlelolw| wkdw wkh hodvwlflw| ri
zdjhv zlwk uhvshfw wr up djh pljkw glhu ehwzhhq glhuhqw vhj0
phqwv ri wkh up djh glvwulexwlrq1 Khqfh/ wkh up djh hodvwlflw|
zloo eh q3 xs wr wkh uvw txduwloh/ q3 n #4 ehwzhhq wkh uvw txdu0
wloh dqg wkh wklug txduwloh/ dqg qdoo| q3n#4n#5 deryh wkh wklug
txduwloh1
D srwhqwldo sureohp lq hvwlpdwlqj lqglylgxdo zdjh htxdwlrqv
rq lqglylgxdo0 dqg up yduldeohv lv wkdw revhuydwlrqv pd| eh fru0
uhodwhg zlwklq upv1 Wklv dulvhv vlqfh up djh lv wkh vdph dfurvv
doo lqglylgxdov lq wkh vdph up1 Vwdqgdug ROV pd| wkhq sur0
gxfh vwdqgdug huuruv wkdw duh grzqzdug eldvhg1 Wklv/ lq wxuq/
ryhuvwdwhv wkh ohyho ri vljqlfdqfh ri wkh h{sodqdwru| yduldeohv
wkdw gr qrw ydu| dfurvv lqglylgxdov zlwklq wkh vdph up1 Wr df0
frxqw iru jurxs hhfwv/ doo htxdwlrqv duh dgmxvwhg iru zlwklq0up
huuru fruuhodwlrqv +vhh Prxowrq +4<<3,,1
7 Uhvxowv
Wr ehjlq wkh dqdo|vlv/ froxpq 4 lq Wdeoh 4 uhsruw uhvxowv rq wkh
hhfw ri up djh rq lqglylgxdo zdjhv lq 4<;:/ 4<<4 dqg 4<<8/
uhvshfwlyho|1 Wklv vlpsoh vshflfdwlrq fruuhvsrqgv wr hvwlpdwlqj
htxdwlrq +4, zlwkrxw dq| frqwuro iru zrunhu dqg up fkdudfwhulv0
wlfv/ l1h1 vhwwlqj [@I@V@31 Uhvxowv vkrz wkdw lqglylgxdo zdjhv
duh kljkhu lq roghu upv1 Wkh hvwlpdwhg frh!flhqwv udqjh iurp
3134: lq 4<<4 wr 31367 lq 4<<81 Wkhvh hodvwlflwlhv duh vlplodu lq
pdjqlwxgh wr wkh vl}h0zdjh hhfwv rewdlqhg iru Vzhghq +vhh Do0
edhfn hw do1 +4<<;,,1
44Wdeoh 41 Hhfwv ri up djh rq zdjhv1 Lqfoxglqj phdvxuhv ri lqglylgxdo fkdudfwhu0
lvwlfv1 ROV hvwlpdwhv iru 4<;:/ 4<<4 dqg 4<<81 Ghshqghqw yduldeoh lv orj prqwko|
zdjh1 Urexvw vwdqgdug huuruv fruuhfwhg iru zlwklq0up huuru fruuhodwlrq lq sduhq0
wkhvhv1
4 5 6 7
4<;:
Orj up djh 134<--- 1339
+1339, +1338,






Orj up djh 134:--- 1349- 1343- 1343-
+133<, +133<, +1338, +1339,
Vhqlrulw| 1338--- 1334 1334
+1334, +1333, +1335,
Orj up djh-Vhqlrulw| 01333
+1334,
Lqglylgxdo fkdudfwhulvwlfv QR QR \HV \HV
U
￿
3137 3139 3176 3176
Q 4:8/366 4:6/569 4:5/5<3 4:5/5<3
4<<8
Orj up djh 1367--- 135<--- 134:--- 134<---
+133;, +133;, +1338, +133:,
Vhqlrulw| 1338--- 1335--- 1336
+1334, +1333, +1335,
Orj up djh-Vhqlrulw| 01333
+1333,
Lqglylgxdo fkdudfwhulvwlfv QR QR \HV \HV
U
￿
3137 3138 3178 3178
Q 4:;/8;5 4:9/;57 4:9/667 4:9/667
Qrwhv= --- lqglfdwh vljqlfdqfh dw wkh 4(0ohyho dqg - dw wkh 43(0ohyho1 Lqglylgxdo
fkdudfwhulvwlfv fruuhvsrqgv wr frqwuro iru jhqghu/ hgxfdwlrq/ h{shulhqfh dqg h{shul0
hqfh vtxduhg1 Doo htxdwlrqv lqfoxgh frqwuro iru lqgxvwu| d!oldwlrq/ fruuhvsrqglqj
wr 47 lqgxvwulhv1 Hvwlpdwlqj froxpq 4 lq 4<;: rq wkh vdph vdpsoh dv lq froxpq 5
|lhogv qr fkdqjh lq wkh hvwlpdwhg frh!flhqw rq orj up djh1
Dv vwuhvvhg lq Vhfwlrq 5/ rqh srvvleoh h{sodqdwlrq iru revhuylqj
d srvlwlyh up djh0zdjh hhfw lv v|vwhpdwlf glhuhqfhv lq whqxuh
dprqj hpsor|hhv lq |rxqj dqg rog upv1 Wklv h{sodqdwlrq lv
45wdnhq lqwr frqvlghudwlrq lq froxpq 5 e| dgglqj lqglylgxdov* whqxuh
dw wkh fxuuhqw hpsor|hu1< Li yduldwlrq lq vhqlrulw| lv ehklqg wkh
srvlwlyh uhodwlrqvkls ehwzhhq up djh dqg zdjhv/ wkhq wkh lqfox0
vlrq ri vhqlrulw| vkrxog pdnh wkh frh!flhqw iru up djh lqvljqli0
lfdqw ru kljko| uhgxfhg1 Uhvxowv/ krzhyhu/ lqglfdwh wkdw up djh
lv vwloo srvlwlyh dqg vljqlfdqw/ zlwk rqo| d voljkw uhgxfwlrq lq wkh
frh!flhqw ydoxh1 Qrwh wkdw wkh w0ydoxh lpso| wkdw wkh up djh
frh!flhqw lv rqo| vljqlfdqw dw wkh 430shufhqw ohyho lq 4<<41
Lq froxpq 6/ d ydulhw| ri kxpdq fdslwdo fkdudfwhulvwlfv duh
dgghg wr dffrxqw iru lqglylgxdo glhuhqfhv lq hgxfdwlrq/ h{sh0
ulhqfh dqg jhqghu1 Dgglqj wkhvh kxpdq fdslwdo fkdudfwhulvwlfv
ohdg wr d vwdwlvwlfdoo| vljqlfdqw uhgxfwlrq lq wkh frh!flhqw iru
orj up djh lq 4<<81 Erwk lq 4<<4 dqg 4<<8/ wkh hodvwlflwlhv duh
uhgxfhg e| durxqg 83 shufhqw zkhq lqglylgxdo glhuhqfhv lq kx0
pdq fdslwdo duh dffrxqwhg iru1 Pruhryhu/ lq 4<;:/ wkh up djh
yduldeoh lv qrz lqvljqlfdqw/ lpso|lqj wkdw glhuhqfhv lq kxpdq
fdslwdo dffxpxodwlrq ehwzhhq lqglylgxdov lq upv zlwk glhuhqw
djh lv uhvsrqvleoh iru wkh srvlwlyh dqg vljqlfdqw hhfw ri up
djh suhvhqwhg lq froxpq 41 Ilqdoo|/ lq froxpq 7 dq lqwhudfwlrq
whup ehwzhhq up djh dqg vhqlrulw| lv dgghg1 Wklv whup lv qrw/
krzhyhu/ vwdwlvwlfdoo| vljqlfdqw hlwkhu lq 4<<4 ru lq 4<<81
Qh{w L wxuq wr lqyhvwljdwlqj krz up fkdudfwhulvwlfv vxfk dv
surwdelolw| dqg vl}h dhfw wkh up djh0zdjh uhodwlrqvkls1 Li
surwv v|vwhpdwlfdoo| ydu| zlwk up orqjhylw|/ wkhq hvwlpdwlqj
wkh hhfw ri up djh rq zdjhv zlwkrxw wdnlqj lqwr dffrxqw wkh
yduldwlrq lq up surwv zrxog eldv wkh uhvxowv1 Vshflfdoo|/ d srv0
lwlyh up djh0zdjh hhfw zrxog lqvwhdg eh gxh wr v|vwhpdwlfdoo|
kljkhu surwv lq roghu/ pruh pdwxuh upv1
Froxpq 4 lq Wdeoh 5 suhvhqw uhvxowv zkhq surwv shu hpsor|hh
lv dgghg1 Wklv yduldeoh lv srvlwlyh dqg kljko| vljqlfdqw lq doo
|hduv1 Wkh lqfoxvlrq ri surwv kdv d odujh hhfw rq wkh frh!flhqw
iru orj up djh1 Wkh up djh yduldeoh lv qrz vwdwlvwlfdoo|
￿
Qr lqirupdwlrq rq vhqlrulw| lv dydlodeoh lq 4<;:/ vr wkh dqdo|vlv lv fduulhg rxw iru 4<<4
dqg 4<<81
46Wdeoh 51 Hhfwv ri up djh rq zdjhv1 Lqfoxglqj phdvxuhv ri up surwdelolw|
dqg up vl}h1 ROV hvwlpdwhv iru 4<;:/ 4<<4 dqg 4<<81 Ghshqghqw yduldeoh lv orj








Orj Ilup vl}h 1347--- 1347---
+1336, +1336,




Q 493/<8< 493/<8< 493/<85
4<<4




Orj up vl}h 134:--- 1349---
+1336, +1336,




Q 4:5/5<3 4:5/5;; 4:5/5;;
4<<8




Orj up vl}h 1338-- 1339--
+1335, +1336,




Q 4:9/667 4:9/666 4:9/666
Qrwhv= --- lqglfdwh vljqlfdqfh dw wkh 4(0ohyho/ -- vljqlfdqfh dw wkh 8(0ohyho dqg
- vljqlfdqfh dw wkh 43(0ohyho1 Lqglylgxdo fkdudfwhulvwlfv fruuhvsrqgv wr frqwuro
iru jhqghu/ hgxfdwlrq/ vhqlrulw| +qrw dydlodeoh lq 4<;:,/ h{shulhqfh dqg h{shulhqfh
vtxduhg1 Doo htxdwlrqv lqfoxgh frqwuro iru lqgxvwu| d!oldwlrq/ fruuhvsrqglqj wr 47
lqgxvwulhv1
lqvljqlfdqw lq erwk 4<;: dqg 4<<41 Wklv lpsolhv wkdw/ iru 4<<4/
yduldwlrq lq surwv dfurvv upv fdq ixoo| h{sodlqwkh srvlwlyh up
47djh0zdjh hhfw uhsruwhg lq Wdeoh 41 Lqvshfwlqj wkh fruuhodwlrq
ehwzhhq up djh dqg surwv/ lw wxuqv rxw wkdw wklv fruuhodwlrq
lv srvlwlyh dqg vljqlfdqw +edvhg rq erwk ruglqdu| dqg udqn fru0
uhodwlrqv,1 Vr/ jlyhq d srvlwlyh uhodwlrqvkls ehwzhhq krz orqj d
up kdv ehhq lq exvlqhvv dqg surwv/ lw vhhpv wkdw wkh suhylrxvo|
uhsruwhg srvlwlyh hhfw ri up djh rq zdjhv lq 4<<4 lv gxh wr qrw
wdnlqj lqwr dffrxqw yduldwlrq lq surwv1 Qrwh wkdw wklv lv wkh uvw
vwxg| wr lqfoxgh dq remhfwlyh phdvxuh ri up surwv1
Uhvxowv glhu iru 4<<81 Dgglqj up surwdelolw| grhv qrw di0
ihfw wkh lpsdfw ri up orqjhylw| rq zdjhv1 Wkh frh!flhqw iru
up djh uhpdlqv kljko| vljqlfdqw dqg wkh frh!flhqw ydoxh lv
rqo| pdujlqdoo| ghfuhdvhg1 Lw vkrxog eh qrwhg wkdw zdjh qhjrwld0
wlrqv lq 4<<8 zhuh pdgh xqghu yhu| glhuhqw hfrqrplf frqglwlrqv
wkdq lq 4<<41 Gxulqj wkh shulrg 4<<40<7 Vzhghq h{shulhqfhg d
yhu| ghhs uhfhvvlrq zlwk idoolqj JGS dqg xqhpsor|phqw lqfuhdv0
lqj iurp 8 shufhqw lq 4<<4 wr 48 shufhqw lq 4<<81 Wklv glhuhqfh
lq exvlqhvv f|foh frqglwlrqv pd| dhfw wkh uhvxowv1 Li frqglwlrqv
duh pruh vhfxuh lq roghu/ pdwxuh upv/ wkhq wkh wxuexohqfh ri d
uhfhvvlrq pd| kdyh dq dv|pphwulf lpsdfw rq |rxqj dqg rog upv/
uhvshfwlyho|1 Rog upv zklfk duh/ rq dyhudjh/ odujhu dqg kdylqj
kljkhu surwdelolw| wkdq |rxqj upv pd| eh pruh zloolqj wr sd|
kljkhu zdjhv1 Dv srlqwhg rxw e| Eurzq dqg Phgr +5336,/ wkh
lqdelolw| wr sd| kljkhu zdjhv lv pxfk pruh fuhgleoh zkhq pdgh
e| |rxqj upv wkhq pdgh e| pdwxuh/ orqj vxuylylqj upv1 Wklv
pd| eh hvshfldoo| wuxh gxulqj dq hfrqrplf grzqwxuq1 Wkh lvvxh
ri d khwhurjhqrxv hhfwv ri up djh rq zdjhv gxulqj glhuhqw hfr0
qrplf f|fohv kdv qrw ehhq lqyhvwljdwhg suhylrxvo|1 Hduolhu vwxglhv
duh lqvwhdg edvhg rq vlqjoh |hdu furvv0vhfwlrq gdwd rqo|1
L qrz wxuq wr up vl}h/ dffrxqwlqj iru wkh idfw wkdw roghu upv
duh dovr/ rq dyhudjh/ odujhu upv1 Krz lv wkh up djh yduldeoh
dhfwhg e| wkh lqfoxvlrq ri up vl}hB Dqg/ dovr/ grhv wkhuh h{lvw
d srvlwlyh vl}h hhfw rq zdjhv diwhu frqwuroolqj iru krz orqj d up
kdv ehhq rq wkh pdunhwB Lq rwkhu zrugv/ lv lw vl}h ru djh wkdw
pdwwhuvB
48Uhvxowv duh suhvhqwhg lq froxpq 5 lq Wdeoh 51 Lqfoxvlrq ri
up vl}h lq wkh zdjh htxdwlrq jlyhv ulvh wr yhu| vlplodu uhvxowv
dv lq wkh prgho lqfoxglqj surwv1 Khqfh/ wdnlqj lqwr dffrxqw
glhuhqfhv lq up vl}h ohdgv wr dq lqvljqlfdqw frh!flhqw iru up
djh lq 4<;: dqg 4<<41 Iru 4<<8/ wkh up djh yduldeoh frqwlqxhv wr
eh srvlwlyh dqg vljqlfdqw1 Iru doo |hduv/ up vl}h kdv d srvlwlyh
dqg vljqlfdqw hhfw rq lqglylgxdo zdjhv1 Wkh hodvwlflwlhv udqjh
iurp 31338 lq 4<<8 wr 3134: lq 4<<4143
Hvwlpdwlqj froxpq 5/ exw h{foxglqj wkh up djh yduldeoh grhv
qrw fkdqjh wkh hvwlpdwhg frh!flhqw iru orj up vl}h1 Khqfh/ up
vl}h kdv lwv rzq vhsdudwh hhfw wkdw lv urexvw wr frqwuro iru up
djh/ lpso|lqj wkdw lw lv qrw d uhvxow ri odujhu upv dovr ehlqj roghu
upv1 Wr ixuwkhu dqdo|}h wklv lvvxh/ doo htxdwlrqv lq wkh sdshu
kdyh ehhq hvwlpdwhg zlwkrxw lqfoxglqj up djh/ exw lqfoxglqj
up vl}h1 Uhvxowv vkrz wkdw lqfoxvlrq ri up djh qhyhu dhfwv
wkh hvwlpdwhg frh!flhqw iru up vl}h1 Ilup vl}h kdv dozd|v/ zlwk
rqh h{fhswlrq/ d srvlwlyh dqg vljqlfdqw hhfw rq zdjhv144 Vr/ iru
Vzhghq/ wkh dqvzhu wr Eurzq dqg Phgrv txhvwlrq zkhwkhu wkh
up vl}h0zdjh suhplxp lv uhdoo| d uhodwlrqvkls ehwzhhq up djh
dqg zdjhv/ pxvw eh %qr%1 Wkh up vl}h suhplxp lv urexvw wr
lqfoxvlrq ri d ydulhw| ri yduldeohv wkdw pljkw h{sodlq wkh up vl}h
hhfw1
Wkh qdo froxpq lq Wdeoh 5 vkrzv uhvxowv zkhq erwk surwv
dqg up vl}h duh lqfoxghg1 Rqfh djdlq/ wkh up djh yduldeoh lv
srvlwlyh dqg vljqlfdqw lq 4<<8/ exw lqvljqlfdqw lq 4<<41 Krz0
hyhu/ lq 4<;:/ wkh up djh yduldeoh wxuqv qhjdwlyh dqg vljqlfdqw1
Wklv sx}}olqj uhvxow lq qrw hdvlo| lqwhusuhwhg/ wkrxjk lw xqghuolqhv
wkh lpsruwdqfh ri vwxg|lqj d qxpehu ri |hduv/ fkdudfwhul}hg e|





Qrwh wkdw wkh hodvwlflw| lq 4<<4 lv pruh ru ohvv lghqwlfdo wr wkh sodqw vl}h hodvwlflw|




Wkh rqo| h{fhswlrq lv rqh vshflfdwlrq iru wkh pdqxidfwxulqj vhfwru lq 4<<81
49Wdeoh 61 Hhfwv ri up djh rq zdjhv1 Lqfoxglqj phdvxuhv ri fdslwdo lqwhqvlw|
dqg zrunirufh vnloo1 ROV hvwlpdwhv iru 4<;: dqg 4<<81 Ghshqghqw yduldeoh lv orj
prqwko| zdjh1 Urexvw vwdqgdug huuruv fruuhfwhg iru zlwklq0up huuru fruuhodwlrq lq
sduhqwkhvhv1
4 5 6 7
4<;:
Orj up djh 1339 1338 1338 01343--
+1338, +1338, +1338, +1338,
+Fdslwdo2Oderu udwlr,2433 1333: 13339 13337
+13338, +13339, +13338,
Zrunirufh vnloo QR \HV \HV \HV
Surwv2Hpsor|hh 1357--
+1343,
Orj Ilup vl}h 1347---
+1347, +1336,
Lqglylgxdo fkdudfwhulvwlfv \HV \HV \HV \HV
U
￿
3183 3184 3184 3184
Q 493/<8< 493/<8< 493/<85 493/<85
4<<8
Orj up djh 134:--- 1346--- 1345-- 133<-
+1338, +1338, +1338, +1338,
+Fdslwdo2Oderu udwlr,2433 13336--- 13336--- 13335---
+13334, +1333<, +13334,
Zrunirufh vnloo QR \HV \HV \HV
Surwv2Hpsor|hh 1345--
+1338,
Orj Ilup vl}h 133:--
+1336,
Lqglylgxdo fkdudfwhulvwlfv \HV \HV \HV \HV
U
￿
3178 3179 3179 3179
Q 4:9/667 4:9/667 4:9/667 4:9/666
Qrwhv= --- lqglfdwh vljqlfdqfh dw wkh 4(0ohyho/ -- vljqlfdqfh dw wkh 8(0ohyho dqg
- vljqlfdqfh dw wkh 43(0ohyho1 Doo htxdwlrqv lqfoxgh wkh vdph vhw ri lqglylgxdo
fkdudfwhulvwlfv dqg frqwuro iru lqgxvwu| d!oldwlrq dv lq Wdeohv 4 dqg 51 Zrunirufh
vnloo fruuhvsrqgv wr frqwuro iru zrunhuv* h{shulhqfh/ vhqlrulw| +qrw dydlodeoh lq 4<;:,/
hgxfdwlrq dqg jhqghu dw wkh up ohyho1 I0whvwv iru wkh mrlqw lqvljqlfdqfh ri wkh
zrunirufh vnloo yduldeohv duh uhmhfwhg lq doo htxdwlrqv lq zklfk wkh| duh lqfoxghg1 I0
whvwv iru wkh mrlqw lqvljqlfdqfh ri wkh lqgxvwu| gxpplhv duh uhmhfwhg lq doo htxdwlrqv1
4:Qh{w/ wkh k|srwkhvlv wkdw roghu upv sd| kljkhu zdjhv ehfdxvh
ri v|vwhpdwlf glhuhqfhv lq zrunhu vnloov lv h{dplqhg dv zhoo dv wkh
h{lvwhqfh ri fdslwdo0vnloo frpsohphqwdulwlhv1 Uhvxowv duh suhvhqwhg
lq Wdeoh 61
Orrnlqj uvw dw wkh uhvxowv iru 4<<8/ L qg/ lq olqh zlwk wkh
fdslwdo0vnloo frpsohphqwdu| k|srwkhvlv/ wkdw lqglylgxdo zdjhv duh
srvlwlyho| fruuhodwhg wr wkh fdslwdo0oderu udwlr +N2O,1 Wklv uhvxow
lv lghqwlfdo wr/ dprqj rwkhuv/ Wurvnh +4<<<, dqg Dudl +5336,1 Lq0
vshfwlqj wkh frh!flhqw iru up djh/ uhvxowv vkrz wkdw wkh lqfoxvlrq
ri N2O grhv qrw dhfw wkh up djh0zdjh uhodwlrqvkls1 Ilup djh
frqwlqxhv wr eh srvlwlyh dqg vljqlfdqw zlwk rqo| d vpdoo uhgxf0
wlrq lq pdjqlwxgh1 Khqfh/ wkh srvlwlyh up zdjh suhplxp lq
4<<8 lv qrw gxh wr fdslwdo0vnloo frpsohphqwdulwlhv1
Lq froxpq 5/ up glhuhqfhv lq zrun irufh vnloo lv dgghg1 Li wkh
fdslwdo lqwhqvlw| lv kljkhu lq rog upv/ wkhq roghu upv zloo dovr
hpsor| pruh kljk0vnloohg hpsor|hhv1 Uhvxowv lq froxpq 5 lqglfdwh
wkdw wkh lqfoxvlrq ri zrun irufh vnloo kdv qr lpsdfw rq wkh up djh0
zdjh suhplxp1 Dowkrxjk wkh hvwlpdwhg hodvwlflw| lv vrphzkdw
orzhu +frpsduh 31346 zlwk 3134: lq froxpq 6 lq Wdeoh 4,/ wkh
glhuhqfh lv qrw vljqlfdqwo| glhuhqw iurp }hur1 Wklv uhvxow lv
urexvw iru lqfoxglqj erwk N2O dqg zrun irufh vnloo +froxpq 6,
dv zhoo dv surwv dqg up vl}h +froxpq 7,1 Txdqwlwdwlyho|/ wkh
frh!flhqw ri 3133< lq wkh ixoo prgho +froxpq 7, lqglfdwhv wkdw d
rqh vwdqgdug ghyldwlrq lqfuhdvh lq orj up djh lv dvvrfldwhg zlwk
dq lqfuhdvh lq zdjhv e| 4 shufhqw1
Djdlq/ wkh uhvxowv iru 4<;: duh pl{hg1 Orj up djh lv lqvljqli0
lfdqw lq froxpqv 406/ exw wxuqv qhjdwlyh dqg vljqlfdqw lq wkh
ixoo prgho +froxpq 7,1 Uhvxowv iru 4<<4/ qrw uhsruwhg lq wkh sd0
shu/ vkrz wkdw wkh frh!flhqw iru up djh lv qhyhu vwdwlvwlfdoo|
vljqlfdqw zkhq up fkdudfwhulvwlfv duh dgghg145
Wr h{soruh wkh srvvlelolw| wkdw hpsor|phqw lqvwdelolw| dqg zrun0
lqj frqglwlrqv dhfw uhsruwhg uhvxowv L kdyh uh0hvwlpdwhg doo htxd0




Wkhvh uhvxowv fdq eh rewdlqhg iurp wkh dxwkru xsrq uhtxhvw1
4;lqvwdelolw| L dgg d yduldeoh wkdw fdswxuhv up vshflf xqhpsor|0
phqw ulvn1 Wklv yduldeoh lv htxdo wr wkh iudfwlrq ri lqglylgxdov dw
wkh up wkdw kdyh h{shulhqfhg xqhpsor|phqw gxulqj wkh shulrg
4<<50<71 Iru 4<<8/ lw wkxv uhsuhvhqwv h{shfwhg up vshflf xq0
hpsor|phqw ulvn xqghu dgdswlyh h{shfwdwlrqv146 Dv d sur{| iru
zrunlqj frqglwlrqv lqglylgxdo zdjh htxdwlrqv lqfoxglqj d ghwdlohg
lqgxvwu| fodvvlfdwlrq ri ryhu 733 70gljlw lqgxvwulhv duh hvwlpdwhg1
Dq lpsolflw dvvxpswlrq lv wkdw zrunlqj frqglwlrqv duh idluo| vlp0
lodu zlwklq wkhvh ghwdlohg lqgxvwu| fhoov1
Dgglqj frqwurov iru wkhvh up dqg lqgxvwu| fkdudfwhulvwlfv kdyh
qr lpsdfw rq wkh hhfw ri up djh rq zdjhv ru rq wkh rwkhu
lqfoxghg h{sodqdwru| yduldeohv1 Wkhvh uhvxowv/ qrw uhsruwhg lq wkh
Wdeohv/ fdq eh rewdlqhg iurp wkh dxwkru xsrq uhtxhvw1
D txhvwlrq wr lqyhvwljdwh lv li wkh up djh0zdjh uhodwlrqvkls
glhuv ehwzhhq glhuhqw sduwv ri wkh up djh glvwulexwlrq1 Eurzq
dqg Phgr +5336, uhsruw d qrq0prqrwrqlf uhodwlrqvkls ehwzhhq
up djh dqg zdjhv1 Wkh| qg wkdw wkh zdjh0djh uhodwlrqvkls
lv X0vkdshg/ zlwk zdjhv idoolqj dv djh lqfuhdvhv/ exw wkdw wkh
uhodwlrqvkls lv uhyhuvhg dprqj roghu upv1 Krzhyhu/ jlyhq wkhlu
olplwhg qxpehu ri revhuydwlrqv +durxqg 4/333 revhuydwlrqv,/ wkh
vsolqh htxdwlrqv fdqqrw eh hvwlpdwhg yhu| suhflvho|1 Zlwk wklv lq
plqg/ Wdeoh 7 vkrzv uhvxowv rq hvwlpdwlqj d vsolqh ixqfwlrq prgho/
wr vhh li d X0vkdshg uhodwlrqvkls fdq eh irxqg lq Vzhglvk gdwd1
Wkh vsolqh prgho kdv nlqnv dw up djhv fruuhvsrqglqj wr wkh 4=vw
dqg 6=ug txduwlohv ri wkh up djh glvwulexwlrq1 Uhvxowv rq wklv
vshflfdwlrq/ kroglqj glhuhqw lqglylgxdo dqg up fkdudfwhulvwlfv
frqvwdqw/ duh suhvhqwhg lq froxpqv 4 dqg 51
Frqvlghu uvw wkh uhvxowv iru 4<<81 Wkh uhvxowv suhvhqwhg lq
Wdeoh 7 vkrz qr X0vkdshg uhodwlrqvkls ehwzhhq up djh dqg
zdjhv1 Lqvwhdg iru 4<<8/ wkh djh0zdjh uhodwlrqvkls lv uvw lqfuhdv0
lqj/ wkhuhdiwhu kdylqj d ghfuhdvlqj vhjphqw dqg qdoo| iru upv




Dv lqirupdwlrq rq lqglylgxdo xqhpsor|phqw klvwru| lv rqo| dydlodeoh iru wkh shulrg 4<<50
<7/ wkh up vshflf xqhpsor|phqw ulvn fdq rqo| eh xvhg lq wkh 4<<8 vshflfdwlrqv1
4<Wdeoh 71 Hhfwv ri up djh rq zdjhv1 ROV hvwlpdwhv xvlqj vsolqh ixqfwlrqv iru
4<;: dqg 4<<81 Ghshqghqw yduldeoh lv orj prqwko| zdjh1 Urexvw vwdqgdug huuruv
fruuhfwhg iru zlwklq0up huuru fruuhodwlrq lq sduhqwkhvhv1
4 5
4<;:
Orj up djh 1354-- 1334
+1343, +1338,
Orj up djh +4=vw txduwloh, 0138<-- 0137;---
+1366, +134;,
Orj up djh +6=ug txduwloh, 14<7--- 14;<---
+13:5, +138<,
Orj up vl}h 1347---
+1335,
Lqglylgxdo fkdudfwhulvwlfv \HV \HV
Ilup fkdudfwhulvwlfv QR \HV






Orj up djh 1378--- 136:---
+1345, +1344,
Orj up djh +4=vw txduwloh, 0139:--- 0139;---
+1358, +1357,
Orj up djh +6=ug txduwloh, 13<9 13<7
+138<, +138;,
Orj up vl}h 133:---
+1336,
Lqglylgxdo fkdudfwhulvwlfv \HV \HV
Ilup fkdudfwhulvwlfv QR \HV





Qrwhv= --- lqglfdwh vljqlfdqfh dw wkh 4(0ohyho/ -- vljqlfdqfh dw wkh 8(0ohyho dqg
- vljqlfdqfh dw wkh 43(0ohyho1 Doo htxdwlrqv lqfoxgh wkh vdph vhw ri lqglylgxdo
fkdudfwhulvwlfv dqg lqgxvwu| d!oldwlrq dv lq Wdeohv 4061 Zrunirufh vnloo fruuhvsrqgv
wr frqwuro iru zrunhuv* h{shulhqfh/ vhqlrulw| +qrw dydlodeoh lq 4<;:,/ hgxfdwlrq dqg
jhqghu dw wkh up ohyho1 I0whvwv iru wkh mrlqw lqvljqlfdqfh ri wkh zrunirufh vnloo
yduldeohv duh uhmhfwhg lq doo htxdwlrqv lq zklfk wkh| duh lqfoxghg1 I0whvwv iru wkh
mrlqw lqvljqlfdqfh ri wkh lqgxvwu| gxpplhv duh uhmhfwhg lq doo htxdwlrqv1
53lv djdlq srvlwlyh1
Vwxg|lqj wkh lqglylgxdo vhjphqwv lq pruh ghwdlo/ lw vhhpv wkdw
wkh srvlwlyh dqg vljqlfdqw hhfw ri up djh rq lqglylgxdo zdjhv
lq 4<<8/ suhvhqwhg lq Wdeohv 406/ ruljlqdwhv iurp d vwurqj srvlwlyh
hhfw iru wkh |rxqjhvw upv +	 54 |hduv,1 Wklv lqglylgxdo vhjphqw
lv vwdwlvwlfdoo| vljqlfdqw lq doo htxdwlrqv suhvhqwhg lq Wdeoh 71
Iru upv lq wkh plggoh vhjphqw/ zh hyhq revhuyh d qhjdwlyh dqg
vljqlfdqw up djh0zdjh uhodwlrqvkls1 Iru wkh roghvw upv +: 6=ug
txduwloh,/ wkh hhfw lv qrw vwdwlvwlfdoo| glhuhqw iurp }hur1
Iru 4<;:/ wkh srvlwlyh up djh hhfw rewdlqhg zlwk qr frq0
wuro iru up0 ru lqglylgxdo fkdudfwhulvwlfv vhhpv wr vwhp iurp d
srvlwlyh hhfw iru wkh |rxqjhvw dqg wkh roghvw upv1 Ehklqg wkh
lqvljqlfdqw hhfw zkhq frqwuroolqj iru zrunhu fkdudfwhulvwlfv lv
d srvlwlyh dqg vljqlfdqw hhfw iru wkh |rxqjhvw dqg roghvw upv
frpelqhg zlwk d qhjdwlyh dqg vljqlfdqw hhfw lq wkh plggoh vhj0
phqw1 Krzhyhu/ wkh srvlwlyh vhjphqw lv qrw vwurqj hqrxjk/ wkxv
ohdglqj wr dq lqvljqlfdqw hhfw lq wrwdo1 Ilqdoo|/ wkh qhjdwlyh dqg
vljqlfdqw hhfw rewdlqhg lq wkh qdo froxpqv ri Wdeohv 5 dqg 6
vhhp wr ruljlqdwh iurp d vwdwlvwlfdoo| qhjdwlyh hhfw iru upv eh0
wzhhq wkh orzhu dqg xsshu txduwlohv ri wkh up djh glvwulexwlrq1
Lq vxp/ wkh uhvxowv rewdlqhg iru wkh vsolqh prghov vxjjhvw
vwurqj khwhurjhqhlw| frqfhuqlqj wkh hhfw ri up djh rq zdjhv/
erwk lq uhodwlrq wr srlqwv lq wlph dqg glhuhqfhv dfurvv glhuhqw
sduwv ri wkh up djh glvwulexwlrq1 Ehklqg wkh uhvxowv rewdlqhg lq
Wdeohv 406 duh fohdu glhuhqfhv lq wkh hodvwlflw| ri zdjhv zlwk uh0
vshfw wr up djh dw glhuhqw vhjphqwv ri wkh glvwulexwlrq1 Wkhvh
glhuhqfhv duh qrw frqvwdqw ryhu wlph/ exw lqvwhdg wkh| vhhp wr
ydu| dfurvv glhuhqw wlph shulrgv/ fkdudfwhul}hg e| glhuhqw exvl0
qhvv f|foh frqglwlrqv1
Ilqdoo|/ uhvxowv rq hvwlpdwlqj vhsdudwh htxdwlrqv iru wkh pdq0
xidfwxulqj dqg vhuylfh vhfwruv duh suhvhqwhg lq Wdeoh 81 Wkhuh
duh uhdvrqv wr eholhyh wkdw wkh up djh hhfw pd| v|vwhpdwlfdoo|
glhu ehwzhhq wkhvh vhfwruv1 Iru lqvwdqfh wkh vl}h ri wkh up/
54Wdeoh 81 Hhfwv ri up djh rq zdjhv1 Vhsdudwh hvwlpdwlrqv iru wkh Pdqxidfwxulqj
dqg Vhuylfh vhfwruv1 ROV hvwlpdwhv iru 4<;: dqg 4<<81 Ghshqghqw yduldeoh lv orj
prqwko| zdjh1 Urexvw vwdqgdug huuruv fruuhfwhg iru zlwklq0up huuru fruuhodwlrq lq
sduhqwkhvhv1
4 5 6 7 8 9
4<;:
Pdqxidfwxulqj Vhuylfh
Orj up djh 134;-- 133; 01338 1353-- 1333 01349---
+133;, +133:, +1339, +133;, +1338, +1339,
Orj up vl}h 1348--- 1344---
+1337, +1336,
Lqglylgxdo fkdudfwhulvwlfv QR \HV \HV QR \HV \HV
Ilup fkdudfwhulvwlfv QR QR \HV QR QR \HV
Zrunirufh vnloo QR QR \HV QR QR \HV
U
￿
3136 317: 317; 313< 318; 318<
Q 463/6:5 454/969 454/969 73/<88 6</656 6</649
4<<8
Pdqxidfwxulqj Vhuylfh
Orj up djh 1378--- 1356--- 1347-- 1344 133: 1335
+1343, +133:, +133:, +1347, +133:, +133:,
Orj up vl}h 1338 133:--
+1337, +1336,
Lqglylgxdo fkdudfwhulvwlfv QR \HV \HV QR \HV \HV
Ilup fkdudfwhulvwlfv QR QR \HV QR QR \HV
Zrunirufh vnloo QR QR \HV QR QR \HV
U
￿
3137 3175 3176 3138 3184 3186
Q 457/676 456/65< 456/65< 87/56< 86/338 86/337
Qrwhv= --- lqglfdwh vljqlfdqfh dw wkh 4(0ohyho/ -- vljqlfdqfh dw wkh 8(0ohyho dqg
- vljqlfdqfh dw wkh 43(0ohyho1 Doo htxdwlrqv lqfoxgh wkh vdph vhw ri lqglylgxdo
fkdudfwhulvwlfv dqg lqgxvwu| d!oldwlrq dv lq Wdeohv 4071 Zrunirufh vnloo fruuhvsrqgv
wr frqwuro iru zrunhuv* h{shulhqfh/ vhqlrulw| +qrw dydlodeoh lq 4<;:,/ hgxfdwlrq/ jhqghu
dqg djh dw wkh up ohyho1 I0whvwv iru wkh mrlqw lqvljqlfdqfh ri wkh zrunirufh vnloo
yduldeohv duh uhmhfwhg lq doo htxdwlrqv lq zklfk wkh| duh lqfoxghg1 I0whvwv iru wkh
mrlqw lqvljqlfdqfh ri wkh lqgxvwu| gxpplhv duh uhmhfwhg lq doo htxdwlrqv1
55fdslwdo lqwhqvlw| dqg wkh pl{ ri hpsor|hhv duh v|vwhpdwlfdoo| gli0
ihuhqw ehwzhhq wkhvh wzr vhfwruv1 Wkh txhvwlrq lv wkhq li wkhvh
glhuhqfhv fdq h{sodlq vrph ri wkh glhuhqfhv lq uhvxowv rewdlqhg
iru wkh glhuhqw wlph shulrgv1 Ixuwkhupruh/ hduolhu hylghqfh rq
wkh h{lvwhqfh ri d up djh zdjh suhplxp lv/ zlwk wkh h{fhswlrq
ri Eurzq dqg Phgr +5336,/ vroho| edvhg rq hylghqfh rq pdqx0
idfwxulqj gdwd1
Lqwhuhvwlqjo|/ yhu| vwurqj uhvxowv rq vhfwru khwhurjhqhlw| fdq
eh vhhq lq Wdeoh 81 Iru 4<<8/ wkh srvlwlyh dqg vljqlfdqw lpsdfw
ri up djh rq zdjhv/ suhvhqwhg lq hduolhu wdeohv/ lv rqo| suhvhqw
lq wkh pdqxidfwxulqj vhfwru1 Lq wkh vhuylfh vhfwru/ qr vwdwlvwlfdoo|
vljqlfdqw hhfw lv irxqg1 Wklv lpsolhv wkdw lw lv lq pdqxidfwxulqj
zlwk upv wkdw duh/ rq dyhudjh/ odujhu dqg pruh fdslwdo lqwhqvlyh/
wkdw d up djh0zdjh suhplxp lv suhvhqw1
Iru 4<;:/ uhvxowv duh yhu| glhuhqw1 Iurp wkh wdeoh lw lv fohdu
wkdw wkh qhjdwlyh hhfw/ irxqg lq ixoo prgho ehiruh/ ruljlqdwhv
iurp wkh vhuylfh vhfwru1 Lq froxpq 9/ wkh frh!flhqw iru orj up
djh lv qhjdwlyh dqg vwdwlvwlfdoo| vljqlfdqw dv rssrvhg wr wkh vlp0
lodu vshflfdwlrq lq pdqxidfwxulqj +vhh froxpq 6,1 Khqfh/ vhfwru
glhuhqfhv vhhp wr sod| dq lpsruwdqw uroh dv dq ghwhuplqdqw ri
wkh uhodwlrqvkls ehwzhhq up djh dqg lqglylgxdo zdjhv1
8 Vxppdu| dqg Frqfoxvlrqv
Vwxglhv rq d qxpehu ri glhuhqw frxqwulhv dqg wlph0shulrgv kdyh
uhsruwhg wkdw hpsor|hhv lq odujh upv v|vwhpdwlfdoo| hduq pruh
wkdq wkrvh lq vpdoohu upv1 Uhodwhg wr up vl}h lv up djh1
Reylrxvo|/ odujhu upv duh dovr roghu upv1 D qdwxudo txhvwlrq
wkhq lv krz zdjhv duh uhodwhg wr up orqjhylw|1 Roghu upv kdyh/
rq dyhudjh/ fkdudfwhulvwlfv wkdw glhu v|vwhpdwlfdoo| iurp |rxqjhu
upv1 Revhuydeoh glhuhqfhv ehwzhhq upv zlwk glhuhqw djhv
pd| wkhq ohdg wr d v|vwhpdwlf uhodwlrqvkls ehwzhhq zdjhv dqg
hpsor|hu djh1
Wklv sdshu vwxglhv wkh hhfw ri up djh rq zdjhv/ xvlqj d odujh
56dqg ghwdlohg hpsor|hu0hpsor|hh gdwdvhw iru wkh hqwluh sulydwh vhf0
wru lq Vzhghq1 Xvlqj ghwdlohg lqirupdwlrq rq lqglylgxdo dqg up
fkdudfwhulvwlfv/ wklv vwxg| v|vwhpdwlfdoo| dgguhvv d ydulhw| ri srv0
vleoh h{sodqdwlrqv iru d up djh0zdjh hhfw dv zhoo dv dgguhvvlqj
wkh txhvwlrq li wkh vl}h0zdjh suhplxp lv uhdoo| d uhodwlrqvkls eh0
wzhhq hpsor|hu djh dqg zdjhv1 Wkh dqdo|vlv lv fduulhg rxw iru
wkuhh wlph shulrgv/ fkdudfwhul}hg e| yhu| glhuhqw exvlqhvv f|foh
frqglwlrqv1 Vlqfh suhylrxv vwxglhv duh edvhg rq d vlqjoh |hdu/ wklv
sdshu dovr dgguhvv wkh txhvwlrq ri zkhwkhu wkh hhfw ri up djh
rq zdjhv glhuv dfurvv |hdu1
Wkh uhvxowv vkrz frqvlghudeoh khwhurjhqhlw| dfurvv |hduv/ dorqj
sduwv ri wkh up djh glvwulexwlrq dqg dfurvv vhfwruv ri wkh hfrq0
rp|1 Iru 4<<8/ d srvlwlyh uhodwlrqvkls ehwzhhq up djh dqg lqgl0
ylgxdo zdjhv lv irxqg1 Wklv uhodwlrqvkls lv urexvw wr wkh lqfoxvlrq
ri d ydulhw| ri yduldeohv wkdw pljkw h{sodlq wkh up djh0zdjh suh0
plxp1
Lq 4<<4 d srvlwlyh uhodwlrqvkls/ urexvw wr wkh lqfoxvlrq ri lq0
glylgxdo kxpdq fdslwdo fkdudfwhulvwlfv/ wxuqv lqvljqlfdqw zkhq
up fkdudfwhulvwlfv vxfk dv surwv dqg up vl}h duh dgghg1 Vr
iru 4<<4/ glhuhqfhv lq up fkdudfwhulvwlfv ixoo| h{sodlq wkh up
djh0zdjh suhplxp1
Ilqdoo|/ iru 4<;: uhvxowv duh pl{hg1 Vhsdudwh lqfoxvlrqv ri d
ydulhw| ri lqglylgxdo dqg up fkdudfwhulvwlfv ohdg wr dq lqvljql0
fdqw hhfw ri up orqjhylw| rq zdjhv1 Krzhyhu/ lqfoxvlrq ri doo
wkh uhohydqw frqwuro yduldeohv lq wkh vdph zdjh htxdwlrq jlyh ulvh
wr d qhjdwlyh dqg vljqlfdqw up djh hhfw1
Uhvxowv dovr vkrz vwurqj khwhurjhqhlw| frqfhuqlqj wkh hhfw
ri up djh rq zdjhv dw glhuhqw vhjphqwv ri wkh up djh glv0
wulexwlrq1 Wkh srvlwlyh up djh0zdjh suhplxp lq 4<<8 vhhpv wr
ruljlqdwh iurp d yhu| vwurqj hhfw iru |rxqj upv/ zkhuhdv wkh
qhjdwlyh hhfw lq 4<;: lv gxh wr d qhjdwlyh uhodwlrqvkls iru upv
lq wkh plggoh ri wkh up djh glvwulexwlrq1 Wkhvh uhvxowv vkrz wkdw
wkh up djh0zdjh uhodwlrqvkls lv qrw prqrwrqlf/ d uhvxow lq olqh
zlwk Eurzq dqg Phgr +5336,1 Krzhyhu/ wkh h{dfw qdwxuh ri wkh
57uhodwlrqvkls lv udwkhu frpsoh{/ dqg d jhqhudo X0vkdshg uhodwlrq0
vkls/ irxqg lq Eurzq dqg Phgr/ lv qrw irxqg lq wkh gdwd xvhg
khuh1
Ilqdoo|/ hvwlpdwlqj vhsdudwh htxdwlrqv iru pdqxidfwxulqj dqg
vhuylfh vkrz wkdw wkh srvlwlyh up djh hhfw iru 4<<8 lv irxqg
rqo| lq pdqxidfwxulqj1 Lq wkh vhuylfh vhfwru zklfk frqvlvwv ri/ rq
dyhudjh/ vpdoohu dqg ohvv fdslwdo0lqwhqvlyh upv/ qr hhfw ri up
orqjhylw| rq zdjhv fdq eh wudfhg1 Lq frqwudvw/ wkh qhjdwlyh up
djh0zdjh uhodwlrqvkls irxqg lq wkh ixoo prgho lq 4<;: ruljlqdwhv
iurp wkh vhuylfh vhfwru/ zkhuhdv wkh fruuhvsrqglqj vshflfdwlrq
lq pdqxidfwxulqj vkrzv dq lqvljqlfdqw frh!flhqw iru up djh1
Frqfhuqlqj wkh uhodwlrqvkls ehwzhhq up djh dqg up vl}h/ uh0
vxowv lqglfdwh wkdw lqfoxvlrq ri up djh grhv qrw dhfw wkh lpsdfw
ri up vl}h rq zdjhv1 Dovr diwhu frqwuroolqj iru wkh idfw wkdw/ rq
dyhudjh/ odujhu upv duh dovr roghu upv/ up vl}h frqwlqxhv wr eh
dq hfrqrplfdoo| lpsruwdqw ghwhuplqdqw ri zdjhv1 Wkh up vl}h0
zdjh suhplxp lv urexvw wr wkh lqfoxvlrq ri d ydulhw| ri yduldeohv
wkdw pd| h{sodlq wklv suhplxp1 Wkh phvvdjh ri wkhvh uhvxowv lv
wkdw/ lq wkh hqg/ lw vhhpv wr eh vl}h dqg qrw djh wkdw pdwwhuv1
58Uhihuhqfhv
Dnhuori/ J1 D1 dqg \hoohq/ M1 O1 +4<<3,1 Wkh Idlu0Zdjh K|srwk0
hvlv dqg Xqhpsor|phqw/ Txduwhuo| Mrxuqdo ri Hfrqrplfv
Doedhn/ N1/ Dudl/ P1/ Dvsoxqg/ U1/ Eduwk/ H1 dqg Vwuùmhu Pdgvhq/
H1 +4<<;,1 Phdvxulqj Zdjh Hhfwv ri Sodqw Vl}h/ Oderxu
Hfrqrplfv 8/ 758077;1
Dudl/ P1 +5336,1 Zdjhv/ Surwv dqg Fdslwdo Lqwhqvlw|= Hylghqfh
iurp Pdwfkhg Zrunhu0Ilup Gdwd/ Mrxuqdo ri Oderu Hfr0
qrplfv <:/ Qr1 8/ 435:438<1
Eurzq/ F1 dqg Phgr/ M1 O1 +4<;<,1 Wkh Hpsor|hu Vl}h0Zdjh
Hhfw/ Mrxuqdo ri Srolwlfdo Hfrqrp| <:/ Qr1 8/ 435:438<1
Eurzq/ F1 dqg Phgr/ M1 O1 +5336,1 Ilup Djh dqg Zdjhv/
Mrxuqdo ri Oderu Hfrqrplfv 54/ Qr1 6/ 9::09<:1
Glfnhqv/ Z1 W1 dqg Ndw}/ O1 I1/ 4<;:1 Lqwhu0Lqgxvwu| Zdjh
Glhuhqfhv dqg Lqgxvwu| Fkdudfwhulvwlfv/ lq= Odqj/ N1 dqg
Ohrqdug/ M1 V1/ hgv1/ Xqhpsor|phqw dqg wkh vwuxfwxuh ri Od0
eru Pdunhwv +Edvlo Eodfnzhoo/ R{irug,1
Iuhhpdq/ U1 dqg Phgr/ M1 4<<41 Zkdw gr Xqlrqv GrB +Edvlf
Errnv/ Fdpeulgjh,1
Mrydqrylf/ E1 +4<;5,1 Vhohfwlrq dqg wkh Hyroxwlrq ri Lqgxvwu|/
Hfrqrphwulfd 83/ 97<09:31
Gdylv/ V1 dqg Kdowlzdqjhu/ M1 +4<<4,1 %Zdjh Glvshuvlrq ehwzhhq
dqg Zlwklq X1V1 Pdqxidfwxulqj Sodqwv/ 4<960;9%/ Eurrnlqjv
Sdshuv rq Hfrqrplf Dfwlylw|= Plfurhfrqrplfv/ 44805331
Gxqqh/ W1/ Urehuwv/ P1 dqg Vdpxhovrq/ O1 +4<;;,1 Sdwwhuqv
ri Ilup Hqwu| dqg H{lw lq X1V1 Pdqxidfwxulqj/ UDQG
Mrxuqdo ri Hfrqrplfv4</ Qr1 7/ 7<808481
Gxqqh/ W1/ Urehuwv/ P1 dqg Vdpxhovrq/ O1 +4<;<,1 Wkh Jurzwk
dqg Idloxuh ri X1V1 Pdqxidfwxulqj Sodqwv/ Txduwhuo| Mrxu0
qdo ri Hfrqrplfv437/ Qr1 7/ 9:409<;1
Hydqv/ G1 dqg Ohljkwrq/ O1 +4<;<,1 Zk| Gr Vpdoohu Ilupv Sd|
OhvvB/ Mrxuqdo ri Kxpdq Uhvrxufhv 57/ Qr1 5/ 5<<064;1
59oh Judqg/ F1/ V}xonlq/ U1 dqg Wèkolq/ P1 +4<<9,1 Vyhuljhv du0
ehwvsodwvhu  rujdqlvdwlrq/ shuvrqdoxwyhfnolqj/ vw|uqlqj +VQV
iùuodj/ Vwrfnkrop,1
Juhhqh/ Z1K1 +4<<:,1 Hfrqrphwulf Dqdo|vlv/ Suhqwlfh Kdoo/ Qhz
Mhuvh|1
Kdphuphvk/ G1 +4<;3,1 Frpphqwdu|/ lq= Vlhjiulhg/ M1/ hg1/ Wkh
Hfrqrplfv ri Ilup Vl}h/ Pdunhw Vwuxfwxuh dqg Vrfldo Shu0
irupdqfh +Ihghudo Wudgh Frpplvvlrq/ Zdvklqjwrq/ G1F1,1
Kloguhwk/ D1 N1 J1 dqg Rvzdog/ D1 M1/ 4<<:1 Uhqw0Vkdulqj dqg
Zdjhv= Hylghqfh iurp Frpsdq| dqg Hvwdeolvkphqw Sdqhov/
Mrxuqdo ri Oderu Hfrqrplfv 48/ 64;066:1
Nuxhjhu/ Dodq E1/ dqg Vxpphuv/ Odzuhqfh K1 H!flhqf| Zdjhv
dqg wkh Lqwhu0lqgxvwu| Zdjh Vwuxfwxuh Hfrqrphwulfd/ 89
+Pdufk 4<;;,= 58<0<61
Oxtxh/ D1 dqg Pludqgd/ M1 +5333,1 Whfkqrorj| Xvh dqg Zrunhu
Rxwfrphv= Gluhfw Hylghqfh iurp Olqnhg Hpsor|hh0Hpsor|hu
Gdwd/ FHV Zrunlqj Sdshu/ Qr1 461
Pdofrpvrq/ M1 +4<<<,1 Lqglylgxdo Hpsor|phqw Frqwudfwv/ lq=
Dvkhqihoohu/ R1 dqg Fdug/ G1/ hgv1/ Kdqgerrn ri Oderu Hfr0
qrplfv/ Hovhylhu Vflhqfh E1Y1/ Dpvwhugdp/ Wkh Qhwkhuodqgv1
Prxowrq/ E1 U1/ +4<<3,1 Dq Looxvwudwlrq ri d Slwidoo lq Hvwlpdwlqj
wkh Hhfwv ri Djjuhjdwh Yduldeohv rq Plfur Xqlwv/ Uhylhz ri
Hfrqrplfv dqg Vwdwlvwlfv :7/ 667066;1
Rl/ Z1 +4<;6,1 Wkh Il{hg Hpsor|pqhw Frvwv ri Vshfldol}hg
Oderu/ lq= Wulsohw/ M1/ hg1/ Wkh Phdvxuhphqw ri Oderu Frvwv
+Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr,/ 6:407371
Rl/ Z1 dqg Lgvrq/ M1 O1 +4<<<,1 Ilup Vl}h dqg Zdjhv/ lq=
Dvkhqihoohu/ R1 dqg Fdug/ G1/hgv1/ Kdqgerrn ri Oderu Hfr0
qrplfv/ Hovhylhu Vflhqfh E1Y1/ Dpvwhugdp/ Wkh Qhwkhuodqgv1
Wurvnh/ N1 +4<<;,1 Wkh Zrunhu Hvwdeolvkphqw Fkdudfwhulvwlfv
Gdwdedvh/ lq= Kdowlzdqjhu/ M1/ Pdqvhu/ P1 dqg Wrsho/ U1/
hgv1/ Oderu Vwdwlvwlfv Phdvxuhphqw Lvvxhv +Xqlyhuvlw| ri Fklfdjr
Suhvv/ Fklfdjr,/ 6:407371
5:Wurvnh/ N1 +4<<<,1 Hylghqfh rq wkh Hpsor|hu Vl}h0Zdjh Suh0
plxp iurp Zrunhu0Hvwdeolvkphqw Pdwfkhg Gdwd/ Uhylhz
ri Hfrqrplfv dqg Vwdwlvwlfv ;4/ Qr1 4/ 480591
5;Dsshqgl{= Gdwd Ghvfulswlrq
Lqglylgxdo fkdudfwhulvwlfv=
Zdjhv= Prqwko| suh0wd{ ixoo0wlph htxlydohqw zdjhv lq 4<<3 sulfhv
+xvlqj FSL, edvhg rq Vzhglvk Wudgh Xqlrq Frqihghudwlrq +OR,
dqg wkh Vzhglvk Hpsor|huv* Frqihghudwlrq +VDI, zdjh gdwd dqg
frpsohwhg zlwk wkh lqfrph uhjlvwhuv iurpVwdwlvwlfv Vzhghq +VFE,1
Jhqghu dqg Djh duh iurp VFE*v Srsxodwlrq Fhqvxv +Uhjlvwuhw
ùyhu wrwdoehironqlqjhq,1
Hgxfdwlrq ohyho gxpplhv duh edvhg rq 5 gljlw ohyho ri wkh
Vzhglvk Hgxfdwlrq Qrphqfodwxuh +VXQ0frghv, iurp wkh Vzhglvk
Hgxfdwlrq Uhjlvwhu +Xwelogqlqjvuhjlvwuhw,1 Wkhvh duh Hohphqwdu|
Vfkrro +ohvv wkdq < |hduv,/ Frpsxovru| Vfkrro +< |hduv,/ Xsshu
Vhfrqgdu| Vfkrro +ohvv wkdq 6 |hduv,/ Xsshu Vhfrqgdu| Vfkrro +6
|hduv, / Srvw Vhfrqgdu| Vfkrro +ohvv wkdq 6 |hduv,/ Xqlyhuvlw|
Xqghujudgxdwh Vwxglhv +6 |hduv ru pruh/ qrw lqfoxglqj judgxdwh
vwxglhv, dqg Xqlyhuvlw| Judgxdwh Vwxglhv1
H{shulhqfh lv qxpehu ri |hduv rq wkh oderu pdunhw dffruglqj wr
wkh Hpsor|phqw Uhjlvwhu +V|vvhovçwwqlqjvuhjlvwuhw,1
Vhqlrulw| lv qxpehu ri |hduv dw wkh hvwdeolvkphqw edvhg rq wudf0
lqj wkh lqglylgxdo edfn wr 4<;9 lq wkh Hpsor|phqw Uhjlvwhu +V|v0
vhovçwwqlqjvuhjlvwuhw,1 Wkh yduldeoh lv ohiw fhqvruhg dw 818 |hduv1
Lqglylgxdov zlwk pruh wkdq 9 |hduv ri vhqlrulw| duh jlyhq wkh phdq
vhqlrulw| lq Vzhghq dffruglqj wr wkh Ohyho ri Olylqj Vxuyh|/ l1h1
49 |hduv1
Ilup fkdudfwhulvwlfv
Ilup djh uhihuv wr qxpehu ri |hduv lq exvlqhvv1 Dydlodeoh iru wkh
shulrg 4<;:0<8 +PP Sduwqhuv,1
Surwv +Vzhglvk nurqru, duh ghqhg dv dqqxdo surwv diwhu fdsl0
wdo ghsuhfldwlrq1 Dydlodeoh iru wkh shulrg 4<;:0<8 +PP Sduwqhuv,1
Ilup vl}h uhihuv wr qxpehu ri hpsor|hhv dffruglqj wr wkh Hp0
sor|phqw Uhjlvwhu +V|vvhovçwwqlqjvuhjlvwuhw,1 Dydlodeoh iru 4<;:/
4<<4 dqg 4<<81
5<Fdslwdo2oderu udwlr lv ghqhg dv ydoxh ri htxlsphqwv shu hp0
sor|hh1 Dydlodeoh iru wkh shulrg 4<;:0<8 +PP Sduwqhuv,1
Lqgxvwu| fkdudfwhulvwlfv
Lqgxvwu| gxpplhv duh edvhg rq wkh 50gljlw VLF +VQL9< dqg
VQL<5,1 Rzq fodvvlfdwlrq ri 47 lqgxvwulhv1
63Wdeoh D141 Vdpsoh Phdqv1
4<;: 4<<4 4<<8
Q Phdq VG Q Phdq VG Q Phdq VG
Lqglylgxdo fkdudfwhulvwlfv=
Orj prqwko| zdjh= 4:4 788 <17< 15: 4:8 366 <17; 159 4:; 8;5 <185 163
Ihpdoh 4:4 788 15: 177 4:8 366 159 177 4:; 8;5 15< 178
H{shulhqfh 4:4 788 4816< <14; 4:8 366 491<4 <1<: 4:; 8;5 4<179 43159
Vhqlrulw| 4:6 659 :1<4 9199 4:9 ;57 43165 91<6
Hgxfdwlrq ohyho=
Hohphqwdu| Vfkrro ? < 494 3;6 14; 16< 4:7 39< 149 169 4:; 3;7 144 165
Frpsxovru| Vfkrro @< 494 3;6 149 16: 4:7 39< 149 169 4:; 3;7 146 166
Xsshu Vhfrqgdu| Vfkrro ? 6 494 3;6 165 17: 4:7 39< 168 17; 4:; 3;7 167 17:
Xsshu Vhfrqgdu| Vfkrro @6 494 3;6 149 16: 4:7 39< 149 16: 4:; 3;7 14: 16:
Srvw Vhfrqgdu| Vfkrro 494 3;6 13< 15< 4:7 39< 144 164 4:; 3;7 147 168
Xqlyhuvlw| xqghujudgxdwh 494 3;6 13: 159 4:7 39< 13; 15; 4:; 3;7 144 164
Xqlyhuvlw| judgxdwh 494 3;6 1337 139 4:7 39< 1337 139 4:; 3;7 1339 13;
Ilup fkdudfwhulvwlfv=
Orj up djh 4:4 666 6196 1:6 4:8 366 6195 1;8 4:; 8;5 6177 1<5
Surwv2Hpsor|hh/ 4331333 VHN 4:4 788 158 165 4:8 366 15: 167 4:; 8;5 166 196
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